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several mtcrv^ais between polishing and dctcrnunc the time needed 
to a^;hieve llic required polished thiekness. 
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Fii;. 8. IS Poly-mctal dielectric surface !*^.:rorc toid 
afler potish.uig. 

8.2.3 Contact ncrmition 

Contacts ic silicon or silicide are dctined in il-.e insulator using 
lithography and ^iry etching techniques discussed in Chaps. 4,5- 
Dry etching allows the definition of contact openings with high 
aspect ratio and vmical sidewails. Since a pi;inar insulator is 
thinner above polysilicon than above junctions ( i-ig. 8-15), a sufTi- 
ciemly large etcii-riuc ratio of insulator to snicon or silicidc is 
required if contacr.N to both regions arc to be etched simultane- 
ously. Akernutivcly. ihc substrate surface can be coated with a 
thin etch-stop, swch as silicon nitride, poly silicon, or alujninum 
oxide, prior to PMD deposition. This allows ctcliing of contact 
holes to continue r.o single-crystal silicon without attacking =;ilicidc 
or poiysiliccn in contacts to the elevated layers. The etch-stop is 
then removcii with an appropriate ctchani K::hap. 5). When 
polysilicon is uscii ris an etch stop, it is imponani to convert the 
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nim to sihcun dioxide by, e.g., high-pressure oxidation after com- 
pleting the i:tch process to avoid high leakaiie between circuits 
[63]. After cu:hing, contacts must be cJc;.ured to remove any 
organic material residual oxide or debris tluu can cause adhesion 
problems or biock contacts {Chap. 5). 

8,3 Metiil Interconnects 

Metals used \\\ microelectronic?; must saiisiy several requirements 
to meet the ohjcoiivcs of circuit performance, yield and reliability. 
'Hicy mu%i exhibit low .scries and contact resistances, negligible 
penetration uwo silicon, good adhesion lo insu!ar.ors and contacted 
surfaces, cxceileiu. uniformity, and resistance to corrosion. The 
metals must also form bondable films that he delineated into 
uniform linc-iines oi' sub-halfmicron widths ;n-d spaces, withstand 
temperature cycling and operating current densities without failure, 
and be free of contaminants (such as sodivim ions). Uic most 
common meiai^ n.scd for interconnections and contact fii: are alu- 
mmum alloys ..md Umgstcn. Aluminum meets most of the above 
requirements bi:t .suifcrs from a laiiure mechar>ism at high current 
densities knov/7: as elcctromigration, diseusscvJ in Sec. 8.6. Adding 
smaH amounts 0,5%) of copper to ;:h.jminum (or Al-Si) 
increases chc ciccaomigration lifetime. Tun.i:.sten is considerably 
less susceptible to elcctromigration and ciir. be deposited with 
greater coni y rmality than physically dcpo.sitcd aluminum. 
T ungstcn, however, exhibits a 2-3 times liigher resistivity than alu- 
minum and is tvpically used in lowcr-^lcvcl meials. Copper has also 
received mcreascd atteniion because of its hijiiier conductivity and 
resistance to doctromigration than AL Copper is, however," dim- 
cult to dcUnearc and must be -claddcd" with a barrier metal to 
mhibit its diffiision into oxide and silicon where it can cause exces- 
sive leakaijc or ^horT.s [64]. Table 8.4 compares important proper^ 
lies of the thrt-e metals. 

8,3 J Metal Deposition 

The most w-idelv used techniques to deposit metals are evapo^ 
ration, sputterinp, and CVD (Chap. 5). VariaMons to these tech- 
niques arc col!im;ued sputtering and selective CVD. 
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